


Influence of Different Adhesives on Shear Bond Strength of Zirconia Restorations

Abstract
Background:
Bonding to zirconia is challenging due to its non-etchable surface. Incorporation of 10-MDP in adhesives has been suggested to improve resin–zirconia adhesion.
Aim:
To compare the shear bond strength to zirconia using a 5th-generation adhesive, a 7th-generation adhesive and an MDP-containing adhesive.
Materials and Methods:
Forty-five zirconia specimens were air-abraded and divided into three groups (n=15): Group I – Recreate Bond 5 (5th-generation etch-and-rinse), Group II – Restorite Bond 7G (7th-generation self-etch), and Group III – Renew MDP (MDP-containing adhesive). Composite cones were bonded and specimens were tested for shear bond strength.Data were analyzed with ANOVA and Tukey’s test (p<0.05)
Results:
Mean bond strengths were: Group I – 14.55 ± 6.99 MPa, Group II – 13.71 ± 5.65 MPa, and Group III – 17.87 ± 5.67 MPa. Renew MDP showed the highest bond strength, significantly greater than Restorite Bond 7G (p<0.05). 
Conclusion:
MDP-containing adhesive achieved superior zirconia bonding compared with non-MDP adhesives, supporting its clinical advantage.
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Introduction

[bookmark: _GoBack]“Yttrium-stabilized tetragonal zirconia polycrystal (Y-TZP) has become a mainstay for indirect restorations thanks to its high flexural strength, fracture toughness and biocompatibility” [1,2]. Yet durable resin bonding to zirconia remains technique-sensitive because zirconia’s glass-free polycrystalline surface is unresponsive to hydrofluoric acid etching and traditional silanization used for silica-based ceramics [3,4]. In vitro and systematic reviews consistently indicate that micromechanical pretreatments (e.g., airborne-particle abrasion) combined with phosphate ester chemistry—particularly 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP)—are key to achieving reliable and aging-resistant adhesion to zirconia [1,5–8].Chemically, 10-MDP can form stable Zr–O–P bonds with zirconia oxides; spectroscopic and mechanistic studies have verified this interfacial complexation and linked it to improvements in bond strength and durability [6,9–11]. By contrast, “non-MDP” etch-and-rinse (5th-generation) and simplified self-etch (7th-generation) adhesives vary widely in composition, hydrophilicity, and functional monomer content; when they lack MDP or are overly hydrophilic, they tend to show inferior or less durable bonds to zirconia- especially after thermocycling or water storage-unless paired with an MDP-containing primer or universal adhesive [1,5,7,8,12–14,27].Laboratory and meta-analytic evidence also underscores the roles of surface preparation and application protocol. Airborne-particle abrasion (50–110 μmAl₂O₃) generally increases bond strength without clinically relevant degradation of zirconia when parameters are controlled, while tribochemical silica coating or MDP-primers can further enhance chemical coupling [2–5,12,15]. Application variables (e.g., primer air-drying pressure, film thickness, and curing sequence) measurably affect the interphase and bond longevity [10]. Moreover, recent reviews on high-translucent and newer-generation zirconias suggest MDP-based strategies remain advantageous across formulations, though long-term clinical data are still accruing [12,14,16].Given this background, the present study compared the bond strength of zirconia when conditioned and bonded with three clinically relevant agents representing common chairside choices: Recreate Bond 5 (Safeendo,India)  a 5th-generation etch-and-rinse adhesive,Restorite Bond 7G (Prime,India) a 7th-generation one-step self-etch adhesive and Renew MDP (PrevestDenPro, India), a 10-MDP-containing bonding agent. We hypothesize that the MDP-containing bonding agent will yield significantly higher and more durable bond strength to zirconia than non-MDP systems and that differences between simplified adhesives will reflect their chemistry and interaction with sandblasted zirconia [1–3,5–11,14–16].
Materials and Methods
Study Design
This was an in vitro experimental study designed to evaluate and compare the shear bond strength to zirconia using three different adhesive systems-
· Group I: Recreate Bond 5 (Safeendo, India) Fifth-generation etch-and-rinse adhesive (two-step).
· Group II: Restorite Bond 7G  (Prime,India) Seventh-generation self-etch adhesive (one-step).
· Group III: Renew MDP(PrevestDenPro Ltd., India)10-MDP-containing self-etch adhesive (one-step).
Table 1. Adhesives evaluated in the study
	Group
	Adhesive (Brand, Manufacturer)
	Generation
	Adhesive Type
	Key Composition / Functional Monomer

	I
	Recreate Bond 5 (Safeendo, India)
	5th generation (Two-step etch-and-rinse)
	Separate etching + primer/adhesive
	Bis-GMA, HEMA, photoinitiators (No functional monomer for zirconia bonding)

	II
	Restorite Bond 7G(Prime,India)
	7th generation (One-step self-etch)
	All-in-one (etch + prime + bond)
	Phosphate monomers, HEMA, solvents (no stable MDP bonding)

	III
	Renew MDP (PrevestDenPro Ltd., India)
	10-MDP-containing adhesive
	Self-etch universal bonding system
	10-MDP functional monomer, Bis-GMA, HEMA, solvents, photoinitiators


The sample size was calculated based on previous studies reporting mean differences in bond strength between MDP-containing and non-MDP adhesives [1,2]. Using a power of 80% and an alpha error of 5%, a minimum of n = 15 specimens per group was determined (total sample size = 45.Pre-sintered zirconia blocks (Y-TZP) were sectioned into rectangular specimens measuring approximately 10 × 10 × 3 mm using a low-speed diamond saw (Isomet, Buehler Ltd., Lake Bluff, IL, USA). Specimens were sintered according to the manufacturer’s instructions in a programmable sintering furnace.All specimens were embedded in acrylic resin blocks, leaving one flat surface exposed for bonding. The exposed zirconia surfaces were polished with 600-grit silicon carbide abrasive paper in a polishing machine, followed by airborne-particle abrasion with 50 μmAl₂O₃ particles at 0.25 MPa pressure for 10s at a distance of 10 mm and air-dried. Zirconia samples were divided into 3 groups based on adhesive application.
· Group I:Recreate Bond 5 (5th-generation adhesive): Etching with 5% Hydrofluoric acid (Ceraetch, PrevestDenpro ) for 15sec, rinsing, blot drying followed bya layer of Silane X Ceramic Primer was applied and gently air-dried for 5 sec. Application of the adhesive on zirconia surface with active scrubbing for 20 sec, air thinning and light curing for 20 sec.
· Group II: Restorite Bond 7G(7th-generation adhesive):A layer of Silane X Ceramic Primer was applied and gently air-dried for 5 sec. Application of the adhesive directly on the zirconia surface with active scrubbing for 20 sec, air thinning and light curing for 20 sec.
· Group III: (Renew MDP):A layer of Silane X Ceramic Primer was applied and gently air-dried for 5 sec. Application of Renew MDP adhesive with active scrubbing for 20 sec, gentle air thinning and light curing for 20 sec.
A cylindrical Teflon mold (diameter: 3 mm, height: 3 mm) was positioned on each specimen surface. A nanohybrid resin composite (shade A2, [Tetric N Ceram, Ivoclar]) was incrementally packed into the mold to form inverted cone of composite resin and light cured for 20 s using an LED curing unit (≥1000 mW/cm²). Radiometer was used to control intensity of light (LED Curing Radiometer, Demetron, USA). The mold was then carefully removed.Specimens were stored in distilled water at 37 °C for 24 hr. Shear bond strength was tested using a universal testing machine (Instron, Norwood, MA, USA) at a crosshead speed of 1 mm/min until failure. The load at failure was recorded in Newtons (N) and converted into megapascals (MPa) by dividing the load by the bonded area.
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Figure 1: Various steps during methodology (A) Making acrylic resin block with zirconia embedded (B) Addition of composite on the mold (C) Light curing of composite (D) Zirconia mold in acrylic with composite attached (E) Sample ready on Universal Testing Machine for shear bond strength testing
Statistical Analysis
Data were analyzed using SPSS software (Version XX, IBM Corp., Armonk, NY, USA). Normality of data distribution was assessed using the Shapiro–Wilk test. One-way ANOVA followed by Tukey’s post hoc test was applied to compare mean bond strengths among groups. The significance level was set at p < 0.05.
Results and Discussion

The mean tensile bond strength values, standard deviations, and failure types for the zirconia ceramic groups are presented as follows. Group 1 (Recreate Bond 5) showed a mean bond strength of 14.55 ± 6.99 MPa, Group 2 (Restorite Bond 7G) exhibited a mean bond strength of 13.71 ± 5.65 MPa. Group 3 (Renew MDP) demonstrated the highest bond strength, with a mean value of 17.87 ± 5.67 MPa.
	Group
	Shear Bond Strength to Zirconia Mean (MPa) ± SD

	Group 1- Recreate Bond 5
	14.55 (±6.99) MPa ± SD

	Group 2- Restorite Bond 7G
	13.71 (±5.65) Mpa ± SD

	Group 3 – Renew MDP
	17.87 (±5.67) Mpa ± SD


Table 2: Mean tensile bond strength (MPa), standard deviation in the zirconia ceramic groups.

The present study demonstrated that the MDP-containing adhesive (Renew MDP, Group III) achieved the highest mean tensile bond strength to zirconia, followed by Recreate Bond 5 and Restorite Bond 7G. This is consistent with earlier findings that adhesives containing functional phosphate monomers form more durable bonds with zirconia compared to non-MDP systems [17–19]. Mechanical surface conditioning, particularly airborne-particle abrasion (APA), is a well-established approach to enhance zirconia adhesion. A recent investigation confirmed that APA produced significantly higher bond strengths across different zirconia types compared with hot etching or infiltration methods [17]. Similarly, variations in APA parameters and subsequent cleaning methods were shown to influence tensile bond strength when combined with MDP-based systems [18]. Silane affects the adsorption of 10-MDP by enhancing the hydroxylation of zirconia. Novel approaches, such as the use of additively manufactured zirconia with controlled microstructural parameters, have also been reported to improve resin bonding, particularly when MDP adhesives are applied [19]. Additionally, primers incorporating both 10-MDP and silane coupling agents enhanced bond strength by modifying zirconia surface energy, further supporting the chemical advantage of MDP-based formulations [20]. Recent reviews emphasize that durable bonding to zirconia is multifactorial, requiring optimized surface preparation, primer application, and cementation protocols [21,22]. Combined mechanical and chemical strategies—such as APA followed by phosphate monomer application—are regarded as the most reliable clinical approach [23]. The superiority of MDP-containing systems after thermocycling and water storage has been confirmed in comparative in vitro studies, showing that non-MDP adhesives generally degrade more rapidly under aging conditions [24,25]. Interestingly, differences in zirconia composition and translucency may also affect bonding outcomes. It has been shown that translucent zirconias respond differently to aging compared with conventional Y-TZP, with the latter sometimes maintaining bond integrity better after extensive thermocycling [26]. This suggests that the effectiveness of adhesives may be material-specific, reinforcing the need for ongoing evaluation of newer zirconia generations
Conclusion
It can be concluded that the incorporation of 10-MDP monomer in adhesive formulations significantly enhances the shear bond strength of resin to zirconia. The MDP-containing adhesive (Renew MDP, Prevest DenPro, India) demonstrated superior bonding performance compared with the non-MDP systems—Recreate Bond 5 (fifth-generation etch-and-rinse) and Restorite Bond 7G (seventh-generation self-etch). This improvement can be attributed to the chemical interaction between the phosphate functional group of 10-MDP and zirconium oxides, resulting in the formation of stable Zr–O–P bonds at the adhesive interface. Although mechanical surface pretreatment such as airborne-particle abrasion remains essential for micromechanical retention, the addition of MDP chemistry provides a distinct chemical advantage that enhances adhesion durability. Further long-term and thermocycling studies are recommended to evaluate the aging resistance and clinical performance of these adhesive systems when used for zirconia-based restorations.
Limitations and Future Directions
The current results are based on 24-hour water storage; extended thermocycling and mechanical fatigue studies are needed to simulate long-term intraoral performance. Future investigations should also explore the interplay between zirconia type (e.g., high-translucent vs. conventional) and MDP-containing adhesives, as well as the clinical applicability of emerging surface-engineering methods.
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